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METHOD FOR HYDROGENATING NITRILE
GROUP-CONTAINING UNSATURATED
COPOLYMER

This invention relates to a method for hydrogenating
a carbon-carbon double bond of a nitrile group-contain-
ing unsaturated copolymer. More specifically, this in-
vention relates 10 a method wherein a specific palla-
dium complex is used as a hydrogenation catalyst in a
reaction of selectively hydrogenating only a carbon-
carbon double bond of a nitrile group-containing unsat-
urated copolymer in solution

Various methods have been hitherto proposed as a
method 1n which a highly saturated polymer is obtained
by selectively hydrogenating only a carbon-carbon
double bond of a nitrile group-containing unsaturated
copolymer at a high hydrogenation ratio (e.g. Japanese
Laid-open Patent Application Nos. 117501/1984,
17103/1983, 42937/1987, 125858/1987, 1814304/1987,
247706/1986, 45402/1989, 45403/1989, 45404/1989 and
45405/1989).

In general, when using a catalyst comprising a porous
carrier and having supported thereon a metal having
hyvdrogenatabiiity, such as cobalt, nickel, ruthenium,
rhodium, platinum or palladium, a smaller particle size
of the carnier provides higher activity. However, the
smaller the particle size the more difficult to separate
the catalyst after the reaction. Moreover, since viscosity
of a polymer solution 1s high, reaction efficiency is poor,
and a relatively large amount of the catalyst is required
to achieve a high hydrogenation ratio. Meanwhile,
when using a complex catalyst of rhodium or ruthe-
nium, a complex is unstable 1in a polar solvent that can
dissolve a nitrile group-containing unsaturated copoly-
mer, so that excess ligand has to be added. Accordingly,
after the reaction, i1t i1s quite difficult to separate the
resulting hydrogenated product from the catalyst and
the excess ligand.

Moreover, palladium chioride has been so far used as
a palladium salt which is soluble or partially soluble 1n
the solvent, and a hvdrogenation reaction of a lower-
molecular compound using palladium chloride is well
known (e.g. U.S. Pat. No. 1,023,753). However, said
palladium chloride has almost no activity as a hydroge-
nation catalyst to a high- molecular compound

Accordingly, it 1s an object of this invention to pro-
vide a hydrogenation catalyst which 1s soluble in a polar
solvent, stable in the solvent and good in selectivity in a
hydrogenation reaction.

The present inventors have made extensive studies
and consequently found that a palladium complex con-
taining a neutral ligand is soluble or partially soluble in
a polar solvent, easy to handle and capable of achieving
the aforesaid object.

Thus, this mvention provides a method for hydroge-
nating a nitrile group-containing unsaturated copoly-
mer which comprises selectively hydrogenating only a
carbon-carbon double bond of the nitrile group-contain-
ing unsaturated copolymer in solution, characterized in
that a palladium complex represented by formula

PA(Y) (X)),

wheremn Y denotes at least one neutral ligand, X de-

notes an anion, n is an integer of 1 to 4 and m 1s O,
2 or 4,

1s used as a hydrogenation catalyst.
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Examples of the neutral ligand constituting the palla-
dium complex used in this invention include olefins such
as ethylene, propylene, butene, butadiene and pentadi-
ene; cychc diene compounds such as cyciopentadiene,
cyclooctadiene, cyclodecadiene, cyclododecadiene,
norbornadiene and dicyclopentadiene; nitrile com-
pounds such as acetonitrile, propionitrile, aliyl cyanide,
benzonitrile, cyciohexylisonitrile; diamines such as eth-
ylenediamine, propylenediamine and hexamethylenedi-
amine; pyridines such as pyridine and 2,2'dipyndine;
beta-diketones such as acetylacetone and propionylace-
tone; organic phosphine compounds such as triphenyl-
phosphine and diphenylphosphinoethane; and monosul-
fides such as dimethyl sulfide, methyl ethyl sulfide and
ethyl isobutyl sulfide. Of these, the nitrile compounds
are preferable from the aspect of stability.

Examples of the anion are a halogen (fluorine, chlo-
rine, bromine or iodine), boron tetrafluoride and per-
chloric acid. Of these, chlorine and boron tetrafluoride
are preferable from the aspect of solubility.

The complexes comprising the aforesaid neutral li-
gands and palladium compounds can be obtained as
commercial products or produced according to “Shin
Jikken Kagaku Kohza (New Experimental Chemistry
Course)’’, No. 8, vol. 12 (published 1976 by Maruzen) or
“Chemistry and Application of Noble Metals” (pub-
lished 1984 by Kodansha Scientific).

Concrete examples of such palladium complexes in-
clude dichlorooctadienepalladium, dichloronorbor-
nadienepalladium, tetrakisacetonitrilepalladium tetra-
fluoroborate, tetrakisbenzonitrilepalladium  ditetra-
fluoroborate, dichlorobisacetonitrilepaliadium,  di-
chlorobisethylenediaminepalladium,
bisacetvlacetonatopalladium, tristriphenylphos-
phineacetonitrilepalladium tetrafluoroborate, di-
chlorobistriethylphosphinepalladium, dichlorobis(-
dimethyl sulfide)palladium, dibenzoylsulfidepaliadium,
bis(2,2'-bipyridine)palladium perchiorate, and tetrakis(-
pyridine)palladium dichloride.

The amount of the palladium complex used as a cata-
lyst may properly be determined according to an in-
tended hydrogenation ratio. It 1s usually 2,000 ppm or
less, preferably 1,500 ppm or less, calculated as palla-
dium, based on the polymer.

The nitrile group-containing unsaturated copolymer
used in this invention is typified by a copolymer of a
conjugated diene monomer and an unsaturated nitrile
monomer. A copolymer comprising these monomers
and a third monomer copolymerizable therewith 1s also
available.

Examples of the conjugated diene monomer include
butadiene, 1soprene, dimethyibutadiene, 1,3-pentadiene,
chloroprene and piperylene. Examples of the unsatu-
rated nitrile monomer include acryionitrile and methac-
rylonitrile. Examples of the third copolymerizable mon-
omer include vinyl aromatic hydrocarbons such as sty-
rene, alkylstyrene and divinylbenzene; unsaturated car-
boxylic acids and their esters such as acrylic acid, meth-
acrvlic acid, itaconic acid, maleic acid, methyl acrylate,
butyl acrylate, 2-ethylhexyl acrylate, trifluoroethyl ac-
rylate and methyl methacrylate; vinylpyridines; and
vinyl esters such as vinyl acetate. The nitrile group-con-
taining unsaturated copolymer may take a form of a
random copolymer, a graft copolymer or a block co-
polymer and may be produced by bulk polymerization,
solution polymerization or emulsion polymerization.

Concrete examples of the nitrile group-containing
unsaturated copolymer include a butadiene-acryloni-
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trile copolymer (hereinafter abbreviated as “NBR™), a
butadiene-methacrylonitrile copolymer, an isoprene-
acrylonitrile copolymer, an acrylonitrile-butadiene-sty-
rene three-component copolymer, a butadiene-butyl
acrylate-acrylonitrile three-component copolymer and
a butadiene-n-butyl itaconate-acrylonitrile three-com-
ponent copolymer.

The hydrogenation reaction i1s performed, when
using a copolymer produced by solution polymeriza-
tion. in solution state as such or, when using a solid
copolymer, in such state that the copolymer is dissolved
in a solvent. The concentration of the polymer solution
1s 1 t0 70 9 by weight, preferably 1 to 40 9% by weight.

The solvent 1s preferably one which dissolves both
the catalyst and the polymer, but is not necessarily one
which can completely dissolve the catalyst. Examples
of the solvent include benzene, toluene, xylene, cyclo-
hexanone, acetone, methyl ethyl ketone, diethyl ketone,
tetrahydrofuran and ethyl acetate. The hydrogenation
reaction temperature 1s 5° to 200° C., preferably 10° to
100° C. When it becomes higher than 200° C., the side
reaction tends to occur; for example, the solvent is hy-
drogenated or the nitrile group 1s hydrogenated at
times.

The pressure of hydrogen in the reaction is atmo-
spheric pressure to 150 kg/cm?, preferably atmospheric
pressure to 100 kg/cm-. A pressure of higher than 150
kg/cm-? is also available but practically unwanted be-
cause a cost of equipment goes high and handling be-
comes cumbersome.

It 1s possible that the catalyst used in the hydrogena-
tion reaction can be removed from the reaction solution
by adding an 1on exchange resin to the reaction solution
after reaction to adsorb the catalyst thereto, followed
by centrifugal separation and filtration. The catalyst
may remain as such in the copolymer without removing
1t.

The hydrogenated polymer may be separated from
the reaction solution by a usual method. Examples
thereof are a steam coagulation method in which a
polyvmer solution is directly contacted with steam, a
direct drying method i which a polymer solution 1is
dropped on a heating rotary drum to evaporate a sol-
vent or the solvent in the polymer solution is evapo-
rated under reduced pressure and a method in which a
polymer solution is precipitated with the addition of a
poor solvent. The hydrogenated polymer is thus sepa-
rated from the reaction solution, subjected to hot air
drying, vacuum drying or extrusion drying, and then
recovered.

This invention uses the palladium complex having the
neutral ligand as a hydrogenation catalyst in the hydro-
genation reaction of the nitrile group-containing unsatu-
rated copolymer whereby the nitrile group-containing
highly saturated copolymer with only the carbon-car-
bon double bond of the copolymer selectively highly
hydrogenated can be afforded. The resulting copolymer
1s excellent in weatherability, ozone resistance, heat
resistance and cold resistance and can be used in the
wide-ranging field.

The following Examples and Comparative Examples
illustrate this invention specifically. This invention is
however not himited thereto.

Preparation of Catalysts

Palladium chloride, PdCl»
Commercial product made by N. E.

{Catalyst 1]
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-continued

Preparation of Catajvsis

Chemcat Corp.

Palladium nitrate. Pd(NO3z)»
Commercial product made by N. E.
Chemcat Corp.
Dichloronorbornadiene palladium
PdCl»(NBD)

Commercial product made by N. E.
Chemcat Corp.

Dichlorobisacetonitrilepalladium
PACl(CH3CN)

[Catalvst 2]

[Catalyst 3]

[Catalyst 4]

Two grams of palladium chloride 1s added to 50 ml of
acetonitrile and the mixture 1s reacted at room tempera-
ture for 20 minutes. After filtration, yellow crystals are
obtained from the filtrate. The amount i1s 2.7 g (yield 93
).

[Catalyst 5] Dichlorobisbenzonitrilepalladium,

PdCls(CegHsCN)a

Two grams of palladium chloride is added to 50 ml of
benzonitrile and the mixture is heated at 100° C. for 20
minutes. Filtration is conducted at 40° to 50° C. and the
filtrate is poured into 300 ml of petroleum ether to ob-
tain a yellow precipitate. The precipitate is recrystal-
lized with benzene. The amount is 4 g (vield 93%).

[Catalvst 6] Tetrakisacetonitrilepalladium

ditetrafluoroborate.
[PA(CH3iCN)4}(BF4)>

One gram of palladium metal is dispersed in 250 ml of
acetonitrile and 3.3 g of nitrosyl tetrafluoroborate
(NOBF,) 1s added. The mixture is stirred at 0° C. for 30
minutes. Sixty milliliters of dichloromethane is added to
precipitate yellow crystals. After the solvent is filtered,
the filtrate 1s washed with dichloromethane. The
amount 1s 3.7 g (yield 80 %).

[Catalyst 7] Tristriphenyiphosphineacetonitrile-

palladium tetrafluoroborate.
[PA(CH3:CN)(PPh31)3](BF4))

One gram of palladium metal 1s dispersed 1n 250 ml of
acetonitrile and 3.3 g of mitrosyl tetrafluoroborate
(NOBF4) 1s added. The mixture is stirred at 0° C. for 30
minutes. Then, a suspension of 25 g of triphenylphos-
phine 1n 500 ml of dichloromethane is added. Immedi-

ately, green crystals are precipitated. The amount 1s 9.0
g (yield 94 %).

[Catalyst 8] Dichlorobisethylenediaminepalladium,

PdClr(en)

A uniform solution obtained by adding excess ethyl-
enediamine (en) to an aqueous solution of potassium
tetrachloropalladate, K2[PdCls], is evaporated to obtain
colorless crystals. Three grams of the resulting di-
chlorobisethylene diaminepalladium [Pd(en);]Cl; is
formed into a saturated aqueous solution. To this is
added dropwise a stoichiometric amount of conc. hy-
drochloric acid to obtain a yellow precipitate. The pre-
cipitate is filtered, and the filtrate 1s washed with water,
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dilute hydrochloric acid. ethanol and ether in this order,
and dried. The amount 1s 2.1 g (yield 88%).

[Catalyst 9] Bisacetvlacetonatopalladium.

Pd(acac)

To a cold aqueous solution of 2 g of palladium chlo-
ride is added 2.2 g (2 molar times) of acetylacetone to
obtain a precipitate. The precipitate 1s reprecipitated
with benzene. The amount 1s 3.2 g (yield 94%).

[Catalyst 10] Dichiorobis{(dimethy]

sulfide)palladium.
PdCI>[S(CH3)l:

To an aqueous solution of 2 g of potassium tetra-
chloropalladate, K2(PdCly), 1s added 2 molar times of
dimethyl sulfide to precipitate crystals. The amount 1s
2.1 g (vield 98%).

EXAMPLES 11to 8

Each of Catalysts 3 to 10 was used as a hydrogenation
catalyst in the form of an acetone solution containing
0.19 by weight, calculated as palladium, of the catalyst.

NBR (ML,;+450) having the acrylonitrile content of
379 by weilght was used as a nitrile group-containing
unsaturated copolymer being hydrogenated.

A 100-milliliter autoclave was charged with 5 g of
NBR and 45 g of acetone, and the inside of the system
was purged with nitrogen. The catalyst was charged
therein in an amount of 500 ppm, calculated as palla-
dium. based on the polymer. After replacing the inside
of the system with hydrogen thrice at a hydrogen pres-
sure of 10 kg/cm-, the reaction was run at a temperature
of 50° C. and a hydrogen pressure of 50 kg/cm? for 6
hours. After the autoclave was cooled and depressur-
ized. the content was added to a large amount of metha-
nol. coagulated and dried. The i1odine value of the re-
sulting sample was measured according to JIS K-0070

to find a hydrogenation ratio. The results are shown in
Table 1.

COMPARATIVE EXAMPLES 1 to 2

A neutral hgand-free palladium compound was used
as a hydrogenation catalyst. Namely, Catalyst 1 (palla-
dium chloride) or Catalyst 2 (palladium nitrate) was
used in the form of an acetone solution as in Examples
1 to 8. The amount of the catalyst used and the reaction
conditions were also the same as in Examples 1 to 8.

The results of the hydrogenation ratio measured are
shown in Table 1.

TABLE 1]
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higher in activity as a hydrogenation catalyst than the
neutral ligand-free palladium salt. Besides, in Examples
1 to 8, the nitrile group of the acrylonitrile unit in NBR
was not hydrogenated at all.

Examples 9 to 10

The hydrogenation reaction of NBR was performed
as in Examples 1 to 8 except that Catalysts 4 and 5 were
used and the amount of the catalyst -was 1,000 ppm,
calculated as palladium. The results of the hydrogena-
tion ratio measured are shown 1n Table 2.

COMPARATIVE EXAMPLES 3 to 4

The hydrogenation reaction was performed as In
Examples 9 to 10 except using Catalysts 1 and 2. The

results of the hydrogenation ratio measured are shown
in Table 2.

TABLE 2

Catalvst
No.

Hydrogenation
rato ()

5.8

Palladium compound
PdCl»

Comparative i
Example 3
Comparative
Example 4
e 9
e 10

2

Pd{NO2)» 7.3

4
3

99 or more
97.1

PdCl» (CH3CN)>
PdCly (CeHsCN )

Examp

Table 2 reveals that when the amount of the palla-
dium complex catalyst 1s increased, the high hydrogena-

0 tion ratio can easily be achieved.
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What we claim 1s:

1. In a method for hydrogenating a nitrile group-con-
taining unsaturated copolymer which comprises selec-
tively hydrogenating only a carbon-carbon double bond
of the nitrile group-containing unsaturated copolvmer
in solution in the presence of a hydrogenation catalyst,
the improvement wherein said hydrogenation catalyst
consists essentially of a palladium complex represented
by formula

PA(Y)a(X)}m

wherein Y denotes at least one neutral ligand selected
from the group consisting of acetonitrile, benzonitrile,
triphenylphosphine, ethylenediamine, acetylacetone,
dimethyl sulfide and norbornadiene,

X denotes an anion selected from the group consist-

ing of chlorine and boron tetrafluoride,
n is an integer of 1 to 4 and

mis 0, 2 or 4.
2. The method of claim 1 wherein the nitrile group-
containing unsaturated copolymer is an acrylonitrile

Hydrogenation

Catalyst No. Palladium compound ratio ()

Comparative 1 PdCls 5.3
Example ]

Comparative 2 Pd{NO3)3 6.9
Example 2

Example 1 3 PdCly (NBD) 43.5
Example 2 4 PdClh (CHaCN)» 84.9
Example 3 5 PdCli; (CeHsCN)- £2.3
Example 4 6 [Pd (CH3CN)g) (BF4)» 71.5
Example 3 7 (Pd (CH3iCN)(PPh3)i) (BF4) 41.5
Example 6 & Pd(Cla(en) 57.0
Example 7 9 Pd(acac) 73.2
Example & 10 PdCh(S(CH3)2)» 43.5

From the data in Table 1, it follows that the neutral
ligand-containing palladium complex is outstandingly

copolymer.
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